The first experimental evidence for orientational dispersion of an absorption tensor in the X-ray regime is presented. For two amphibole minerals, edenite and hastingsite, the X-ray absorption tensors were determined at the Fe K edge by means of polarized fluorescence spectroscopy. Analysis of the energy-dependent tensor elements revealed anisotropic anomalous scattering and, in analogy to visible light optics, energy dependence of the respective absorption tensor orientations. Hence, the experiments provide further evidence for the optical model developed earlier describing the polarized near-edge absorption.
Introduction
Investigations of anisotropic anomalous scattering (AAS) have so far been largely carried out by X-ray diffraction and transmission experiments. Recently, we have presented a theoretical contribution concerning polarized absorption by evaluation of the near-edge fluorescence intensity with the aim of obtaining quantitative information about the absorption tensor (Lippmann et al., 1996) . By separating the physical and geometrical aspects, a description of the anisotropic X-ray fluorescence based on the optical model (Templeton & Templeton, 1980; Dmitrienko, 1983; Kirfel et al., 1991; Coppens, 1992) has been developed. Using the dipole approximation, the complex refractive index is expressed as a second-rank tensor so that the description of X-ray optics is equivalent to conventional tensor optics in the visible regime. Consequently, the X-ray absorption tensor properties, which are assumed to be similar to those of the visible light absorption tensors, have now to be verified by X-ray experiments.
In this contribution, our interest is focused on one general aspect of the model, i.e. the orientational dispersion of a biaxial tensor in the monoclinic system. While the direction of one of the three principal axes is parallel to b0 (second setting), the orientation of the other two axes may vary with the energy of the incident radiation. Hence, orientational dispersion is perceptible in the energy-dependent fluorescence yield (e.g. Kot) from an atomic species upon rotation of the sample about an axis perpendicular to the polarization vector, i.e. the positions of the fluorescence intensity maxima and minima change upon tuning the energy of the incident radiation.
Here we report the results at the Fe K-absorption edge of experiments on two hornblende minerals, edenite and hastingsite. These crystals were chosen because of significant distortion of the Fe coordination geometry [e.g. the Fe-O distances of hastingsite (Makino & Tomita, 1989) 
Fluorescence intensity
While the exact representation of the fluorescence intensity in terms of the tensor elements of the complex refractive index tensor is rather involved, an adequate approximation was evaluated by neglecting birefringence and assuming a moderate relative absorption anisotropy. A detailed description of the calculus has been presented by Lippmann et al. (1996) . If illumination and measurements are carried out on the same crystal face and the incident radiation is totally absorbed ('infinitely thick' sample), a simple and adequate fluorescence intensity formula can be derived for totally polarized synchrotron radiation:
where I0 is the primary intensity, kt is a scale factor,/x~o o,/z~,~, are the absorption coefficients of the examined absorption edge due to the a-and zr-polarized components of the radiation, ]-£F is the absorption coefficient at the energy of the fluorescence radiation, S = sin01/sin02 (Fig. 1) , and /zR is the absorption coefficient associated with the 'rest structure' of the crystal.
Since it is not essential to define the absorption tensor ,u in the monoclinic system for the description of the experimental observations, we chose a Cartesian system with y[[b0 and zl[co. 
By neglecting the n-polarized part of the incident radiation and assuming illumination of the (010) face (with qJ describing a rotation angle about the face normal), the effective absorption coefficient is expressed as t t t ~t~(qJ) = Iz:1 sin 2 • +/z13 sin 2, + #33 cOS2 kl/"
Inserting (3) into (1) allows the simultaneous determination of the tensor elements /z' u, /z'33 and g'13. Information about the orientation angle ct can be obtained from
which describes the energy-dependent rotation of the principal axes of the absorption tensor ff about the b0 axis.
Experimental
The experiments were carried out on the two-axis diffractometer (Bonse & Fischer, 1981) at HASYLAB, Hamburg, using synchrotron radiation from DORIS III (dedicated source, 4.5 GeV). The white radiation was monochromatized by a flat double-crystal monochromator (Ge511) and monitored by an NaI scintillation counter. The samples were illuminated under the incident angle 0~ = 45 °, and the fluorescence was measured under the angle 02 = 45 °, using a solid-state detector in the vertical scattering plane (Fig. 1 ). Data were collected by recording the fluorescence intensity upon rotation of the crystal about the (010) face normal. These 'ko scans' were carried out in the near-edge region for different energies of the primary radiation. The evaluation of these scans was performed by adjusting the model intensity function (3) to each scan using the least-squares program MINUIT (James & Ross, 1981) . Hence, ~'11,/%;3 and ~'13 were explicitly derived from the fit procedure.
Both crystals were large prisms with naturally grown faces of about 5 x 10mm. The edenite stems from Krager¢, Norway. A microprobe analysis yielded the chemical composition Nao.59K0.04Cal.61Mg4.25Alo.l 6Ti0.:Fe0.79(Si7.asmlo.55)O22-(OH, F, 0)2. Compared to the edenite, the hastingsite sample (of unknown origin) possessed an iron concentration which was three times higher: Nal.31I~).22Cal.39Fez.~A10.3Tio.21MgzA3-Cro.olMno.o7(Si6.38All.62)O22(OH, CI, F)2.
Results
Both crystals show significant AAS in the vicinity of the iron K edge at 7.111 keV, as illustrated in Figs. 2 and 3 using an iron foil (EXAFS standard). Fig. 3 depicts the diagonal tensor elements/z'11 and/z~3 of edenite (36 'qr scans) and hastingsite (99 'tp' scans), and Fig. 4 shows the off-diagonal element /z'13. The solid lines in these figures are additionally calculated spline functions serving as guides for the eye. The orientation angle ot was calculated according to (4) (Fig. 5) , and good agreement was found with the shifts of maxima and minima in the l(q0 functions.
The nonzero values of /z'13 and the variations of ot are significant for both crystals. A comparison of the/z functions shows a qualitative agreement of the edenite and hastingsite results, but there are quantitative differences. These can be visualized from the dispersion angles c~, which differ considerably, and can be interpreted as a consequence of the different amounts of iron at different possible iron sites, and of differences in the distortions of the anomalous scatterer environments.
These results of measurements on monoclinic amphibole minerals agree with the predicted possibility of orientational dispersion of the X-ray absorption tensor in monoclinic systems. Thus, further proof for the model is obtained and additional parallels between visible and X-ray optics are found. Further investigations to obtain a deeper (quantitative) understanding of these observed absorption tensor dispersions near an X-ray absorption edge are planned.
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